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accurate prediction of an earth penetrating projectile’s trajectory

H the Poncelet Analysis Law H H the Differential Area Force Law (DAFL)

I I
computational ease l computational accuracy

H the Integrated Force Law (IFL)

newly derived equations l Increased integral equations accuracy

H the Modified Integrated Force Law (MIFL)
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the IFL method H the MIFL method

| without the & force and moment
azimuthal angle integral equations — azimuthal angle
Adaptive Simpson's method |3 | approximate solution E> Romberg's method

SCoooeme ] = [

ogive nose projectiles various irregular rigid projectiles
ﬂ 1 | projectile geometry | I TT




Section 2

Geometry of lateral-abnormal
projectiles

2.1 Coordinate systems
2.2 Description of Lateral-abnormal projectiles
2.3 3D geometry of the later-abnormal projectiles




2. Geomet ry of lateral-abnormal P rOj ectiles I e e

2.1 Coordinate systems

3D problem reduced to 2D problem

the plane motion hypothesis

2 coordinate systems

inertial coordinate system <:I [X-Y-Z] ) inertial coordinate system
: A Yw
weapon coordinate system <:I [X0-Yw-Zuw] "Pw
- 3 degrees of free
|| translation velocity of CG || <:| [V, Vy.0] b) weapon coordinate system

|| rotation velocity of CG || <:| [0,0,w,]
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2.1 Coordinate systems

Origin: thetip of the projectile impacts the soil
X-axis: soil surface
Y-axis: normal to soil surface

s

inertial coordinate system ||
1 4

T = cosf sin6 T = [ cos(—0) sin(—0) a) inertial coordinate system
J ~ |—sin(—60) cos(-0)

Yw 4 Yw

"Pw

weapon coordinate system ||

b) weapon coordinate system

Origin: CG of the projectile

xy~axis: centerline of the projectile
yw-axis: radius direction of the projectile
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2. Geomet ry of lateral-abnormal P rOj ectiles I e e

2.2 Description of Lateral-abnormal projectiles

different geometrical nose pin
on the front of the penetrator
. . projectile
—N conical nose pin
D " ¢I #5 and #6
blunt nose pin projectile i (R TR T
_" : " ¢I #3 and #4 ANy AT
| ogive nose pin T
and others
9
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2.3 3D geometry of the later-abnormal projectile

f'(xw) = tan(m —n)

dA = rp,dds = f(x,) J 1+ f'(x,)dx,, dy
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Section 3

Modified Integrated Force Law
(MIFL) method

3.1 the stress of the contact resistance--SCET
3.2 the force and moment integral
3.3 two-dimensional rigid body dynamics

11



3. MIFL method

projectile penetration

velocity vector at point P

the cavity-expansion velocity

at point P

the stress of the contact

resistance at point P

C:I 0, =ToA+ poBVn2

Q V=V, +15xw
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a) inertial coordinate system

Yw

A

A

<:| Vnzﬁ;'ﬁ

n=( sinn,cosn)

Ty, = U0y < T

12
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O, = —0,SInn — T,,Co08N
the axial and radial direction <:|

—0,C08N + T,8inn

Q
]
I

Ox,t = On(—sinn — pcosn)
Oy t = On (—cosn + usinn)cosy

13
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3.2 the force and moment integral

dewt — O-xwtdA
dwat — O'ywtdA

4

the x,, and y,,, direction

I {dF xyt = Onlf (xy) — plf (xy)dx,,dy

external force vector component

acting on an infinitesimal top half area

external moment vector component th - xwdwat - prCOSIIJdewt

]

th — xwdwat - dewat

dFy ¢ = 0n[=1 — pf'(xy)]cospf(x,,)dx,,dy

the z,, direction

14
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3.2 the force and moment integral

(
Fy,e = | dFy ¢ (

) Faye = (2 = er) [l ) = IF (),

[
F - dwat

Fye = ~(simpez = sintpr) [ aal1 + uf ()1 o),

. . r ,
My == (sinpe = sinu) | Onl1+1f (%) xS () A

acting on total top half area —(siny;, — siny,q) Jran[f’ (x,) — ulf?(x,)dx,,
\
ﬁ Ignore the separation and reattachment effect

My, = fxwdwat B nydewt YVoo—-Ya=VYp—YPn="
SinyY;, — sinyq = sinYy, — sinyy = 2

15
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3.3 two-dimensional rigid body dynamics

external force vector

external moment vector F, = (wat + wab)cog(p + (Fy, t + Fy, p)Sing
F, = (wat + wab)cosq) — (wat + wab)simp
inertial coordinate system
ma =F
I8 = 1 n
O’ T — cosO sin6
—sin@® cos0O
dv./dt=F,/m ﬁ
dv,/dt=F,/m | .
de/dt=M/I, ||weapon coordinate system

16
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4.1 numerical analysis—trajectory stability

the AOA condition

H conical nose pin H “ blunt nose pin “

0 | | | L L 1 1 1 1
— i\ 004 —0O -
e iy ' —- - \
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£ o] RSN B = 4 J
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-'ﬂ__]. | a» -2.0 - ] B
= =
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impact velocity v; = 500m/s
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4. Numerical analysis and field test

Penetration depth pm
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4.1 numerical analysis—trajectory stability

the velocity condition

H conical nose pin

blunt nose pin “

D 1 L 1 " 1 | 1 ﬂu i | . | M |
— 500m/s L 1 —— 500m/s
i - 750m/s B 059 s 780M/fs
- 1000m/s - 1000m/s
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4. Numerical analysis and field test
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4.2 field test

‘r-: 4"I'ni'tialTi‘enetral;.i_cln_

L

direction S
Ty AT el ,»_"' (e
Yo G l.“'-""“ T i
condition results
max max later total
parameters Impact P penetration displacement turning
velocity depth angle
/m N
/m /
486 2~3 2.58 -0.44 160
test '
| SeEEl 508 2-3 2.68 -0.48 154
results blunt 495 2-3 2.15 .0.31 118
_ e - 2 257 -0.53 98.67
numerical 3 2.56 -0.5 99.33
results 2 1.88 -0.25 70.46
blunt st 3 1.88 -0.22 70.16
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Numerical study of the trajectory stability of lateral-abnormal

projectiles penetrating soil at small angles of attack

various irregular rigid projectiles

H the integral equations

o Q with the azimuthal angle
Modified
Integrated “ Romberg's method le-6
Force
Law @ different nose pin geometry

“ critical reverse conditions the AOA condition

the velocity condition

22
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